This paper is concentrated on comparison of rectangular patch antenna with different ground plane dimensions i.e. short edge, double ground, triple ground in terms of Bandwidth, Gain, Directivity, VSWR, Reflection coefficient and efficiency performance. The finite ground plane gives rise to diffraction of radiation from the edges of ground plane resulting in modifying of radiation conductance, radiation pattern, and resonant frequency. The substrate used is Flame Retardant4epoxy having dielectric constant of 4.4 and dielectric tangent loss of 0.02. The patch antenna is provided by inset feed line. The design was optimized to obtain the most suitable configuration in terms of desired values of reflection coefficient, bandwidth and Voltage Standing Wave Ratio (VSWR) for antenna with and without modifying on ground plane. These antennas are suitable for WLAN Applications. In this observation, the paper calls for an attention that, the cachet is an amelioration of the 2.4 GHz Industrial, Scientific and Medical (ISM) Band patch antenna is simulated and analysed using HFSS 13.0 and fabricated by photo lithography. The proposed antenna is tested using VNA E5071C.As a result it can be also observed in being when the size of ground plane is increased, the ripples in the main pattern diminishes.
Introduction
Microstrip patch antenna has become a vogue, as it makes it easy to analyze and fabricate a low profile, low cost, light weight, indolent to feed and has affinity to radiation characteristics [1] . This day of age the micro patch antenna has been widely used in reflector feeds, aerospace, radars, satellite communications and wireless communications. The versatile of bandwidth, radiation pattern polarization and resonant frequency of patch antenna makes it unprecedented antenna. In enabling user mobility of wireless communication system, the Wireless Local Area Network (WLAN) is popularly recognized as cost effective, viable and high speed data connectivity Solution [2] . Despite of several advantages patch antenna has some limitations like narrow bandwidth is one of its kind [3] . As depicted the various techniques have been introduced and enhanced to overcome the limitation, such as using different thickness of dielectric substrate, slot on the patch and modified ground plane [4] - [11] . Disparate techniques are used to improve the bandwidth have been reported in [12] ,E-shaped with two parallel slots patch antenna is introduced to achieve a wide bandwidth antenna in [13] Ultra Wide Band (UWB) antenna using stepped feed, partial slotted ground , two level stair with notches in patch has been propounded. Some other design can be constructed using three different geometry shapes like E, U and H etc has been developed from a rectangular patch using dielectric substrate with higher dielectric constant shows bandwidth enhancement also reported [14] The purpose of this paper is to improve the performance characteristics like Band Width, VSWR, Reflection coefficient, Gain, Directivity, return loss and Efficiency of patch antenna by using different ground plane techniques for WLAN applications at 2.4 GHz. The patch was designed on substrate FR4 and inset feed line is used as feeding method due to its simplicity of realization [15] [16] It has been assumed in the analysis and design of microstrip antenna that the size of ground plane is infinite. While in actual usage only a finite size ground plane can be implemented. The ultimate goal is to reduce the antenna size and the ground plane extension beyond the patch dimension to a minimum.
Design Consideration

Rectangular patch Antenna
In this paper the proposed rectangular patch antenna has been designed to operate at resonant frequency of 2.4 GHz with input impedance of 50Ω using FR4 substrate with ɛ r = 4.4, lose tangent δ = 0.02 and thickness h = 1.6 mm. The patch antenna parameters are calculated from the following standard antenna design equation [17] at reference resonant frequency. Step 2: Substrate selection:
Nomenclature
Substrate in patch antenna is principally needed for the mechanical support of antenna metallization. For providing this support a substrate with dielectric material is needed, which effects the electrical performance of the antenna. The characteristics of substrates i.e., dielectric constant, loss tangent and their variation with temperature and frequency are to be considered for the selection of substrate. Table 2 . Provides characteristics of different substrates Similarly, other physical properties like resistance to chemicals, tensile and structural strengths, flexibility are important for fabrication process. FR-4 was picked as the substrate material because of the low cost and easy to fabricate. The dimensions of the inset feed patch antenna are determined using equations in following steps by considering the FR-4 as substrate material with thickness of 1.6 mm. h=1.6mm,
Step 3: Calculation of Width ( ):
Width of the patch antenna is calculated by using
Step 4: Calculation of Actual Length (L):
The effective length of patch antenna depends on the resonant frequency ( ).
The effective length of patch antenna is equal to the one half of a wave length within the dielectric medium. The E-fields at the edges of the patch undergo fringing effects. As a result of these effects, effective length of the patch antenna appears to be greater than its actual length. So, actual length of the patch antenna is usually considered as ⁄ . Actual length and effective length of a patch antenna can be related as
Where is a function of effective dielectric constant and the width to height ratio ( )
Step 5: Calculation of Inset feed Depth ( ):
The edge of the patch antenna will have high input impedance. Impedance falls rapidly if the inset position is moved from edge of the patch towards the center. For providing impedance matching with a 50Ω connector, a curve fit formula for the inset feed depth is expressed as
Step 6: Calculation of feed width ( ):
To achieve 50Ω characteristic impedance, the required feed width to height ratio( ) is computed as
Where
Step 8: Calculation of notch gap ( ):
Resonant frequency of patch antenna depends on the notch gap ( ).Expression which relates notch gap and resonant frequency is given by
With the help of these formulae all the parameters that are required to design an antenna are obtained. With the help of design equations the dimensions of the single patch are calculated and shown in Table 3 . Table 3 . Dimensions of the Patch Antenna Considering the ground plane dimensions i.e., Length and Width of substrate as 6h+L and 6h+W (short edge), along with the dimensions in Table 3 . a patch antenna is drawn. It is simulated using HFSS 13.0and fabricated by photo lithography. Patch is tested using VNA E5071C. 
Bandwidth and Gain enhancement using ground plane techniques
To improve the gain and Bandwidth ground plane dimensions are varied as double ground (2L,2W) and triple ground (3L,3W). Fig. 10 and fig. 11 shows the fabricated patches with ground plane dimensions as double ground (2L,2W) and triple ground (3L,3W) respectively. Along with gain other parameters like Reflection coefficient, VSWR and directivity are observed.
Simulation Results and Discussion
In this section, simulated and fabricated frequency responses were presented in respect of reflection coefficient, Voltage Standing Wave Ratio (VSWR), directivity, gain and bandwidth of the proposed antenna with different ground plane techniques are presented. As the design is intended to operate at 2.4GHz resonant frequency, simulation is performed on fixed inset length or position. Simulated and analysed using HFSS 13.0 and fabricated by photo lithography. The proposed antenna is tested using VNA E5071C Fig.3 .Reflection coefficient curve ( for inset fed short edge patch antenna with ground plane dimensions 6h+L and 6h+W. Fig.7 .VSWR curve of the fabricated inset fed short edge patch antenna with ground plane dimensions 6h+L and 6h+W Gain and directivity of an inset fed short edge patch antenna is shown in Figure 8 and Figure 9 . respectively. From Fig. 8 and Fig. 9 . The gain and directivity of the patch are noticed to be only 1.5948dB and 4.8815dB at 2.4 GHz respectively.
Simulated results of antenna with short edge
From the above simulation and practical results for the proposed patch antenna with short edge (6h+L, 6h+w) ground plane dimension is given in table 4. To improve the gain, ground plane dimensions are varied as double ground (2L, 2W) and triple ground (3L, 3W). Fig. 10  and fig. 11 shows the fabricated patches with ground plane dimensions as double ground (2L, 2W) and triple ground (3L, 3W) respectively. Along with gain other parameters Reflection coefficient, VSWR and directivity are observed. The simulated results using HFSS 13.0 and the measured values using VNA E5071C are given in Table 4 . From the above simulation and practical results for the proposed patch antenna with Double Ground (2L, 2W) plane dimension is given in table 5. From the above simulation and practical results for the proposed patch antenna with short edge (6h+L, 6h+w), Double Ground (2L, 2W) ,Triple Ground (3L, 3W) plane dimensions are compared and are given in table 7. From Table 7 by varying ground plane dimensions from short edge (6h+L, 6h+w) to triple ground (3L, 3W) there is an improvement in Return Loss from -13.15 dB to -20.2146 dB at 2.4 GHz and also a gain improvement from 1.5948dB to 3.0524dB is observed. It is observed that bandwidth increases from 61.7MHz to 120.4MHz along with that it is noticed that efficiency is also improved. For further improvement of gain and directivity, number of radiating elements should be increased. Hence an antenna array is designed.
Conclusions
The single band microstrip patch antenna operating at 2.4GHz with different ground plane techniques has been designed. The proposed antenna design with Triple ground was found to have better operating band width 120.4MHz and considerable reduction in reflection coefficient which is -20.2146 dB which indicates better impedance matching. Gain has been enhanced from 1.59 to 3.05 and directivity improved from 4.88 to 6.64. Patch antenna is simulated and analyzed using HFSS 13.0 and fabricated by photo lithography. The proposed antenna is well suitable for WLAN applications and this is a new technique, very limited data is available in the literature as if now.
This confirms that the design of ground plane with suitable dimensions along with the patch design is important for optimization of parameters. Yet this gain is not sufficient in long distance communications. To overcome this problem, patch arrays and different patch shapes with different feed networks will be considered.
